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The Outlook for Some Fission Products Utilization with the Aim to Immobilize Long-
Lived Radionuclides

Yu. A. Pokhitonov
Khlopin Radium Institute, St. Petersburg, Russia

The prospects for development of nuclear power are intimately associated with solving the
problem of safe management and removal from the biosphere of generated radioactive wastes.
The most suitable material for fission products and actinides immobilization is the crystalline
ceramics. By now numerous literature data are available concerning the synthesis of a large
range of various materials with zirconium-based products. It worth mentioning that zirconium
is only one of fission products accumulated in the fuel in large amounts.

The development of new materials intended for HLW immobilization will allow increasing of
radionuclides concentration in solidified product so providing costs reduction at the stage of
subsequent storage.

At the same time the idea to use for synthesis of compounds, suitable as materials for long-
term storage or final disposal of radwastes some fission products occurring in spent fuel in
considerable amount and capable to form insoluble substances seems to be rather attractive.
In authors opinion in the nearest future one can expect the occurrence of publications
proposing the techniques allowing the use of ‘reactor’s zirconium, molybdenum or, perhaps,
technetium as well, with the aim of preparing materials suitable for long-lived radionuclides
storage or final disposal.

The other element, which is generated in the reactor and worth mentioning, is palladium. The
prospects for using palladium are defined not only by its higher generation in the reactor, but
by a number of its chemical properties as well.

It is evident that the use of natural palladium with the purpose of radionuclides
immobilization is impossible due to its high cost and deficiency). In author's opinion such
materials could be used as targets for long-lived radionuclides transmutation as well.

The object of present work was the study on methods that could allow to use "reactor"
palladium with the aim of long-lived radionuclides such as [-129 and TUE immobilization.

In the paper the results of experiments on synthesis of matrices with TUE oxides and Pdl, on
palladium base are presented.

INTRODUCTION

The major way for increasing the safety of radwastes management is the development of
advanced technologies, which would enable to reprocess the whole volume of high-level waste
(HLW) and to obtain the solid products offering high chemical stability which would be
suitable for long-term monitored storage and/or final disposal.

The use of the partitioning techniques in combination with synthesis of mineral-like materials
provides highest possible safety during subsequent storage and final disposal all of kinds of
radioactive wastes [1-4]. All possible changes in process structure and in the usage of new
reagents and techniques must fulfil the task of subsequent separation of individual
radionuclides (or their fractions) and their solidification in the forms, which satisfy the
requirements for their final removal from biosphere. Solving this problem would be the goal
of all researches for the nearest decades.

At the same time the idea to use for synthesis of compounds, suitable as materials for long-
term storage or final disposal of radwaste some fission products occurring in spent fuel in
considerable amount and capable to form insoluble substances seems to be rather attractive.
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Along with zirconium, the other elements, such as molybdenum, platinum group metals are
found in the fuel and could be used for synthesis of various compounds of short-lived (Cs, Sr)
or long-lived (TUE) radionuclides.

One of such elements is palladium; it’s accumulation in spent PWR fuel, coming to 1.0 - 1.8
kg per ton. (In FBR reactors where fuel burnup is higher, “artificial” palladium generation is
more intense and palladium content in FBR’s fuel is about several kilograms per ton [5-6].)
The first ideas related to prospects of platinum group metals recovery from spent fuel and
their utilization appeared as early as 50 years ago [7-9]. However, several decades later it was
quite obvious that the occurrence of palladium radionuclide '’Pd (half-life 6.5-10° years) in
“reactor” palladium would exclude the possibility of its use in common industry.

Various techniques can be used for palladium recovery from spent fuel [10-14]. Till recently
the raffinate of Purex-process was considered as the only product suitable for palladium
recovery and the main part of the investigations was directed to the development of the
techniques for palladium recovery precisely from these products. At the same time, the
technology of HLW partitioning which is being developed in recent years, provides a
precondition for the use of an alternative source for palladium recovery: the solutions resulted
from this operation are lesser active and lesser complicated as compared with the raffinates of
the I extraction cycle, comprising the total sum of fission products. And from resulted
solution palladium black can be obtain by means of precipitating technique [14].

One could suppose that the inclusion of the radioactive elements oxides or slightly soluble
iodine compounds in the matrix of metal palladium would allow to produce materials with
low leaching rate and suitable for a safe long-term storage or final disposal. In author's
opinion such materials could be used as targets for long-lived radionuclides transmutation as
well. It seems advisable to examine in future the opportunity of technetium usage for solving
problems of HLW immobilization. (In author's opinion it's of interest to use technetium as
material to obtain protective covering on granulated wastes or to encapsulate solidified HLW.)
The object of this work was to carry out a study on searches of engineering decisions, which
would allow using of ‘reactor’ palladium for immobilization of such long-lived radionuclides
as [-129 and transplutonium elements (TPE). Are presented in this paper the results of
experiments on Pd-based metalloceramic compositions synthesis, these compositions
including metal oxides or palladium iodide, and the results of electron microprobe analysis
and lixiviation rates for Eu and I are given.

EXPERIMENTAL RESULTS AND DISCUSSION

The synthesis of Pd-containing matrix compositions intended for TPE immobilization.
The most special palladium feature which differs this element from the other platinoides is its
capacity to be dissolved into nitric acid. Therefore, if in the future the materials on Pd-base
would be used for TUE immobilization and long-term storage, a simple dissolution of these
mateials in nitric acid followed by extraction recovery of target elements (americium ,
curium...) would be sufficient in case of TUE recovery need. It was supposed that the
incorporation of oxides of radioactive elements recovered from the wastes of various levels
into the matrix of metal palladium would allow to decrease considerably their leachibility and
to organize a long-term safe storage of these radionuclides. (It is obvious in the case if we
include TUE into mineral-like matrices we lose opportunity to recover them forever.)
Subsequently these materials could be used for the transmutation of TP element
radionuclides.

In the first stage the experiments were carried out on palladium powder pressing. The goal of
these studies was to find out the effect of binding agent should be added on mechanical
strength of pressed pellets. (The solution of paraffin in heptane was used as a binder. Binder’s
mass was 0.2-3.0% of metal palladium powder mass.)
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The mechanical strength of the specimens so obtained was further analyzed. The results of
these experiments allow making the following conclusions.

The comparison of the specimens being produced when using various amounts of binder did
not reveal any significant differences.

Among all tested techniques for powder compacting the heat-treatment at 1000°C only
has led to a plastic deformation of the specimen. In the other cases the pellets underwent
a brittle fracture through disintegration into powder. The appearance of the pellet after
mechanical test is shown in Fig. 1.

Eh

Fig. 1. The appearance of the pellets being pressed from metal palladium powder and further
tested for strength. Pellet production technique: (A) - pressing with the adding of binding
agent (1% solution of paraffin in heptane); (B) - pressing with no binder, followed by
sintering at 1000°C.

In the next stage of our studies the experiments on Pd- and Eu,Os-based product synthesis
were conducted.

Weighted portion of working mixture (3-4 g, metal palladium and europium oxide) was
poured into press-mold. (The mold was inserted inside the inductor. The chamber was
evacuated by means of fore pump and further filled with argon.) The mixture of metal
palladium and europium oxide was subjected to cold pressing by the pressure of 300 kgf/cm®.
After pressure release the mould induction heating started. The temperature interval has

302-1, (Reflected electrons): A-Pd: S/Sy=0.5, 302-1, (Secondary electrons): C-X phase -

L=3x7 u (Size of Eu,Os crystallites),

B-Bu,03, C-X phase: §/50=0.07, Lc=40x80 , Interphase: solid solution (Pd-Eu,05)

S/Sy - relative area of phase

Fig.2. The results of electron-microscopic analysis for pellets with Eu,Os. Specimen #302-1.
(50 mass.% Pd + 50% mass.% Eu,03)

At micrographs obtained three phase (A, B, C) were clearly seen which are non-
uniformly distributed throughout the pellet surface. A comprises mainly metal palladium
whereas the phase B is constituted of europium oxide. The phase C is the most likely to be
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a solid solution of Pd- Eu,0O3 and an X-ray amorphous substance (the most likely — carbon of
graphite press-mold). (Europium oxide and palladium contents were consistent with
composition of initial mixture being pressed.)

The leach rate was determined for all specimens. These tests were conducted in
distillated water, room temperature. In all cases the europium concentration was at the
limit level of this technique sensitivity or is below it. Consequently these data must be
considered as evaluating ones. However, calculated values of leaching rates are at the level of
10”° - 10 kg/m*-day.

Literature data show that the leaching rates of uranium and plutonium from common matrices
based on glass and ceramics of various types are at the level of 10~ — 10~ kg/cm®-day and
those of REE and TPE are at the level of 107 kg/mz-day [4, 15-19]. (According to the
requirements of Russian standard "GOST # 50926-96” the velocity of actinides (Pu) leaching
from the matrices used for HLW long-term storage should be at the level of 10 kg/m*-day.)
With the purpose of studying the possibility of matrix composition (PdxE0,03) chemical
stability strengthening the pressed pellets were subjected to a chemical “palladiaizing”. Two
specimens of PdxEu,0; with Eu,Os3 content of 50 and 70 mass.% were treated. The specimens
were preliminary degreased with alcohol and then dried up to the termination of any specimen
weight variation. It was found that the pellet containing 70 mass.% Eu,Os3 had a noticeable
porosity (an air escape from the pores was observed during specimen treatment by alcohol).
Traditional procedure generally used for was applied for palladium coating production.
Operation conditions were as follows: the electrolyte composition (g/L): palladium chloride —
3+5, 25% aqueous ammonia — 15+30, sodium hyposulfite — 10+30, sodium thiosulfate —
0,025+0,035; temperature, °C — 40-60.

The pellets being noticeably porous, the determination of palladium layer depth basing upon
the mass of deposed metal didn’t provide sufficient precision. Consequently, palladium
plating was conducted for 2 hours at 50°C, so as to obtain palladium layer about 10
micrometers in depth (calculated for overall geometric surface of the pellet). These
operational conditions were established after preliminary experiments on palladium
deposition on platinum foil. After specimens rinsing with water and drying the calculated
depth values for pellets with 50% and 70% Eu,0O3 were 6,3 and 5,9 u respectively. Pellet’s
appearance remained essentially unchanged after this treatment. These specimen structure
and chemical stability were being studied. The results of encapsulated specimens analysis
reveal that palladium coating had blocked (Dpjock ~ 200 p) porous structure (Dp~3 p The
range of porosity) and was inhomogeneous in composition due to local variations of coating
depth. Most likely coating of metal palladium had no through cracks but its depth varied
within wide limits (from 0,1 to 1,5 p).

Encapsulated pellets were subjected to leaching using static method. Experimental procedure
differed from that described above in that the sampling was carried out without renewal of the
solution over pellets. The pellets without coating were tested in the same manner
simultaneously with encapsulated ones (Table I).

Table I. The leach rate of europium from encapsulated Pd-base metalloceramic compositions.

Pallet content t, days solug(l)lnl,nmg 1 R, kg/m*-day
50% Pd +50% Eu,03 202 110 1.4-10™
(50% Pd +50% Eu,03)Pd 202 40 51.10°
30% Pd +70% Eu,03 111 13 23.10°
(30% Pd +70% Eu,03)Pd 111 0,25 4.6:107
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The coating of the pellets with metal palladium (even if porous) results also in reducing of
europium leaching rate that may decrease to ~5-107 kg/m*-day in case of encapsulated pellet
containing 70 % europium oxide.

Our experimental data show that chemical stability of the compositions under examination is
as good as that of common matrices. Therefore, the use of these materials for radionuclides
long-term storage and transmutation seems to be quite justified, particularly, when it is
considered that radionuclides incorporated into palladium compositions could, if required, be
extracted there from by means of common techniques.

Experimental studies on iodine-129 immobilization with the use of ‘reactor’ palladium.

Presently the problem of radioiodine management receives higher attention in connection
with increasing stringency of requirements for environmental protection.

The requirements to materials intended for preparing of targets for '*’I transmutation are
essentially the similar to those applied for TPE transmutation (chemical and mechanical
stability to heating and irradiation, compatibility with cladding and heat carrier). Considering
that rather low '*I transmutation degree is achieved upon a single transmutation cycle (several
percent), a complete '*°I transmutation would need several cycles, that is to say that iodine
should be recovered from irradiated target and further directed again to transmutation.

The choice of materials suitable for iodine transmutation is performed among iodides, iodates
and oxiiodides [20-22]. The literature cites slightly soluble palladium iodide, which is quite
suitable for long-term storage and/or final disposal of iodine radionuclides [23].

At the first stage of the work the conditions of palladium iodide deposit manufacture from
nitrate-acid solutions have been studied. A precipitate of Pdl, was obtained by mixing of
solutions of KI and Pd” in nitric acid. (HNOs concentration — 2 mole/l.) The value of Pd**/2I
ratio varied during the experiments from 5 to 50% of palladium excess relative to
stoichiometric of reaction. However the yield of palladium iodide precipitates was almost the
same in the majority of these experiments (98,1 — 98,6%). Electron-microscopic photos of the
specimens are given in Fig. 3. Within the limits of experimental error I/Pd ratio value for all
specimens agrees with stoichiometric ratio for Pdl,. (The other elements have not been
detected, whereas the occurrence of non-analyzable elements in amounts below 2-6% is
possible.)

Fig. 3. Electron-microscopic photos of PdI, specimens.
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Substantial characteristic of iodine compounds intended for preparing of targets for '*’I

transmutation is chemical and heating stability.

Another objective of conducted researches was palladium iodide (Pdl;) solubility
determination with the use of radiotracer I'** (half-life period 60 days). '*°I was added as the
“marker” during PdI, specimen’s synthesis. The value of PdI, solubility was found to be as
low as 2,5 mg/l.

At the next stage of the work we prepared the specimens containing 50% palladium iodide being
incorporated into metal palladium matrix.

With the purpose of studying the possibility of matrix composition (PdxPdl,) chemical
stability strengthening the pressed pellets were subjected to a chemical “palladiaizing”. The
specimen PdxPdl, with Pdl, content of 50 mass.% were treated. Pellet’s appearance
remained essentially unchanged after this treatment. These specimen structure and chemical
stability were being studied. Encapsulated pellets were subjected to leaching using static
method. (Experimental procedure differed from that described above in that the sampling was
carried out without renewal of the solution over pellets.)

The pallet with 50% Pd + 50% Pdl, (mass=2.814 1, @ = 10 mm, h = 7.67 mm) was using in the
first experiment. It was put into teflon glass and fill up by distilled water. The time of
experiment was 210 days without solution changing. At regular intervals samples have been
taken and the content of iodine and palladium were determined. (Detection limit of iodine is
0.001 mg/1, Palladium — 0.0002 mg/1).

The results of this experiment are given in Table II.

Table II. The results of this experiment on iodine leaching.

t, days I, mg/l Pd, mg/l R, kg/m’ day
26 1.4 83.3 8.98-10*
78 0.8 154 1.67-10™

210 0.56 209 422107

According the data shown in this table the content of palladium is increased in the course of
experiment something in time 2,5 times and at the same time content of iodine is decreased.
This fact could be explained in the following way. In the presence of water [PdI,]™ is got out
in solution but for all that the part of iodine is retained in matrix of pallet with metallic
palladium.

In the second set of experiments the pallets were manufactured with using cool pressing
technique. The content of palladium iodide was 30, 50 and 70 masses % accordingly.

For the purpose chemical stability comparison the pallets on the base of copper and palladium
iodide were manufactured.

Presented data point out to the large chemical stability of compositions on metallic palladium
base. Initial leaching-out rates of iodine come to level 2-107 - 8-10”° kg/m? day.

During further aging, leaching-out rates go down and come to 8-107 - 9-10°kg/m? day depending
on palladium iodide content. In the case of palladium based composition lower leaching-out rates
are observed in comparison with copper based compositions.

The results of the subsequent investigation on kinetics of iodine leaching from palladium pellets
are presented in Table III.

The experiments on the determination of palladium and iodine leaching rate from the pellets
being subjected to the chemical “palladiumization” (Tabl. IV) have been also carried out.

The presence of protective superficial palladium coating gives rise to considerable increase of
chemical stability. Palladium content in the leach rate decreases by 6 orders of magnitude and
that of iodine — by 3 — 5 times. (It should be noted iodine lixiviation rate from phosphate
glasses is of the same order [24].
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Table III. Comparison of chemical stability of compositions on the base of palladium without
coating and with metal copper coating after the contact with distilled water.

Characteristics of pellet T1me of Content O.f clements in R, kg/m**day
. . aging, days solution, mg/1
Speci- Compos1— T o
mens # tion 1;[, E{w I\I/I)l\jI S, sm’ fa }t;s o Pd Cu I
days
1.50(3.4 [10.0 [3.70 |13 |13  [0,029 |- <.0,003 |8.9E-08
50% Pd + 8 |21  [0,004 |- <.0,003 |1.4E-07
403
50% Pdl, 26 |47 0,000 |- <.0,003 |4.4E-08
51 |98 (0,041 |- <0,003 |2.3E-08
(50% Pd + 8 |21  [<.0.001 |0.38 [<.0.003 |2.2E-07
404 | 5006 Pdl,)Cu 26 |47 |<.0.001 [0.64 |<0.003 |6.6E-08
51 |98 [<.0.001 [1.36 [<0.003 [3.4E-08
1.49(3.5 [10.0 [3.77 |13 |13 [0.041 |- <0.003 |6.3E-08
405 | 30% Pd + 8§ |21 [0.017 |- <.0.003 |1.0E-07
70% Pdl; 26 |47 [<.0.001 |- <.0.003 |3.1E-08
51 |98  [<.0.001 |- <0.003 |1.6E-08
548(6 15 [9.18 |13 |13 [<.0.001 {2.97 [<.0.003 |9.5E-08
406 | (30% Pd + 8 |21 ]0.004 [0.62 [<0.003 [1.5E-07
70% Pdl2)Cu 26 |47  [0.022 [0.064 [<.0.003 |4.7E-08
51 |98  [0.028 ]0.036 [<0.003 [2.4E-08

Table IV. The results of the experiment on the determination of iodine leaching rate from the
ellets with palladium coating.

The pallet content t, days I, mg/1 Pd, mg/1 R, k/mz-dily
26 1.4 83.3 8.98-10"
50 % Pd +50 % PdI 78 0.8 154 1.67-10°
210 0.56 209 422107
26 0.45 0.004 2.89-10™
(50 % Pd + 50 % PdI,)Pd 78 0.59 0.003 1.23-10*
210 0.12 0.008 9.05-10°

Thus, the results of the experiments have dramatically demonstrated the possibility of
producing the matrix metal-ceramic compositions based on metal palladium containing iodine
compound inclusions.

At the final stage of the work we had executed the calculation of neutron physical
characteristic of Pd-based matrix (from the point of view the behavior under irradiation) has
been executed. There is only one radioactive nuclide of palladium in spent nuclear fuel: Pd-
107 which has a half-life of 6,5-10° years and decays with radiation of soft beta rays of 35
keV. One of possible “reactor” palladium usage that waives an radioactivity objection
connected with its radioactivity is palladium usage as a basis for making containers and
targets for long-term storage long-lived radioactive materials and irradiation in reactor
(transmutation). (Melting temperature (1552° C), mechanical strength and also chemical
inertness permit to use palladium as target’s material.)

While estimation Pd container’s neutron physical characteristic from the point of view the
opportunity of using for inter reactor it should be noted the following:

Container not must insert fair quantities of distortion in neutron flow in reactor channel.

The data for palladium isotopic composition in spent fuel and neutron-absorption cross-
sections are presented in Table V below. (Data of JENDL 3.3. library have been used.)
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Neutron-absorption cross-sections of Pd are notably higher in comparison with constructional
materials of reactor active zone (zirconium iron or nickel). However container’s influence
isn’t catastrophically and neutron flow reduction in immediate vicinity will average about 15 —
20%.

Table V. Isotopic composition of palladium in spent fuel and neutron-absorption cross-
sections.

Content in spent . .
Neutron-absorption cross-sections,
Nuclide ' fuel after 30 years barns
mass Half-life (%, weight) ‘
30 years Thermal | Intermediate Fast
neutrons neutrons neutrons
192pgq Stable 0.0 2.97 19.5 0.11
104pg Stable 15,8 0.46 21.9 0.077
105pgq Stable 27,5 17.9 96.7 0.12
toepq Stable 26,4 0.27 93 0.073
107}’(1 6,5-105 years 15,9 1.8 112.2 0.122
198pgq Stable 10,9 7.6 252.1 0.054
1opgq Stable 3,6 0.2 2.81 0.028

While palladium irradiation some long-lived nuclides (silver, gadolinium) could be accumulated.
According rough estimate during one year of irradiation it could be accumulated about 0.1% atoms
of silver and gadolinium that give a few curies per gram of palladium.

Accordingly neutron physical characteristic of Pd are severely limited but inestimable
advantage connected with simple reprocessing of Pd-based targets after irradiation (TPE
transmutation) give grounds to consider this material as very promising.

CONCLUSION

Considering the future of spent fuel reprocessing it is necessary to underline that the main
stream in its development should be aimed at waste treatment. All possible changes in process
structure and in the usage of new reagents and techniques must fulfill the task of subsequent
separation of individual radionuclides and their solidification in the forms, which satisfy the
requirements of their final removal from biosphere. Solving this problem would be the goal of
all researches for the nearest decades.

These preliminary experimental results allow conclusion that the use one of fission product -
‘reactor’ palladium as a material for [-129 and TPE immobilization seems to be quite
justified. (It is evident that the use of natural palladium is impossible due to its high cost and
deficiency). At the same time the use of palladium in radioactive waste reprocessing
flowsheet (where the presence of radioactive '*’Pd nuclide is of no importance), could play a
main role in the creation of the demand on this metal.

REFERENCES

1. Romanovskiy V.N., Zaitsev B.N. et al./ SPECTRUM'96, Proc. Int. Conf. on Nuclear
and Hazardous Waste Management, Seattle. Amer. Nucl. Soc., 1996, p. 2308.

2. Romanovskiy V.N., Smirnov [.V., Shadrin A.Yu., Myasoedov B.F. et al/
SPECTRUM'9S, Proc. Int. Topic Meet. Nuclear and Hazardous Waste Management, La
Grange Park, Illinois, Amer. Nucl. Soc., 1998. p. 576.

3. Kuramoto K., Makino Y., Yanagi T. et al. Development of Zirconic and Alumina
Based Ceramic Waste Forms for High Concentrated TRU Elements. / Proc. of Int. Conf.
“Global ‘957, Sept. 11-14 1995, Versailles, France, v. 1, pp. 1838-1845.



WM’08 Conference, February 24 — 28, 2008, Phoenix, AZ
Abstract #8182

4. Burakov B.E., Anderson E.B. Crystalline Ceramics Development for the
Immobilization of Actinide Waste in Russia / Proc. Intern. Conf. Radioactive Waste
Management and Environmental Remediation — ASME 2001, Bruges, Belgium.

5. Feasibility of Separation and Utilization of Ruthenium, Rhodium and Palladium from
High Level Wastes, Technical reports series. Vienna: IAEA, 308 (1989).

6. Browne E., Dairiki J., Doebler R. e.a. Table of Isotopes.

7. Rohrmann C. Large-scale exploitation of fission product rthodium and palladium. Isotopes
and Radiation Technology, 1963, v. 6, N 4, pp. 352—358.
8. Rohrmann C.A. Values in Spent Fuel from Power Reactors. Isotopes and Radiation

Technology, V.6, N 1, 1968, pp.19-41.

9. R.J. Newman, F.J. Smith. Platinum Metals Review, V.14, #3, 1970, p.88

10.  Palladium recovery from spent nuclear fuel. 1. Studies of electrochemical process of
Pd recovery from nitrate acid solutions. Pokhitonov Yu. A., et all, “Radiochemistry”, V. 47, N 4,
2005 pp. 334-338.

11.  Palladium recovery from spent nuclear fuel. 2. Palladium separation from nitrate
solutions by means of anion-exchanger resins, Pokhitonov Yu. A. et all, ““Radiochemistry”, V.
47,N 4, 2005 pp. 339-342.

12.  Palladium recovery from spent nuclear fuel. 3. Recovery of palladium from nitrate
acid solutions with using carbamoylphosphine oxides. Pokhitonov Yu. A. et all,
““Radiochemistry”, V. 47, N 4, 2005 pp. 343-346.

13.  Palladium recovery from spent nuclear fuel. 4. Pd precipitation from nitrate acid
solutions with using hydrazine and CO. Pokhitonov Yu. A., et all, ““‘Radiochemistry”’, V. 47, N 4,
2005 pp. 347-350.

14.  Palladium Separation from Nitrate Solution by Means of Anion-Exchanger Resins”
Pokhitonov Yu. A. et all, Radium Institute. The 10th International Conference on
Environmental Remediation and Radioactive Waste Management. (ICEM 05), Glasgow,
Scotland, 4-8 September 2005.

15. Jostsons A. Status of Synroc Development / Trams. Am. Nucl. Soc., 1994, v. 70,
Suppl. 1, pp. 865-871.

16. Ewing R.C., Weber W.J., Lutze W. Disposal of Weapon Plutonium — Aproach and
Prospects / eds. E.R. Merz, C.E. Walter, Kluwer Academic Publ., 1996, pp. 65-83.

17. Kinoshita H., Kuramoto K., Uno M. et al. Chemical Durability of Yttrium Stabilized
Zircon for Highly Concentrated / Mat. Res. Soc. Symp. Proc., 2000, v. 608, p. 393-398.

18. Ewing R.C. Nuclear Waste Forms for Actinides / Proc. Nat. Acad. Sci. USA, 1999, v.
96, pp. 3432-3439.

19. Stefanovsky S.V., Yudintsev S.V., Nikonov B.S. Murataite-Based Ceramics for
Actinide Waste Immobilization / Mat. Res. Soc. Symp. Proc., 1999, v. 556, p. 121-128.

20. Conti A. et al. Long-lived Fission Product Transmutation Studies / Proc. of Intern.
Conf. “Global’99”. 29 Aug. — 3 Sept. 1999, Jackson Hole, Wyoming.
21.  Konings R.J.M. et al. Technological Aspects of Transmutation of Technetium and

Iodine / Proc. of Intern Conf. “Global’93”. 1993. Seattle, USA, v. 2, p. 1260.

22.  Minato K., Shirasu Y., Nishihara K. Fundamental Properties of Targets for
Transmutation of Technetium-99 and Iodine-129 / Proc. of Int. Conf. “Global’01”, 9-13 Sept.,
2001, Paris, France.

23. Sakurai et all. The iodine species and their behavior in the dissolution of spent-fuel
specimens. / Nuclear technology. - 1992. -V. 99, July. - P.76.

24.  Nash K.L. Actinide Partitioning: Past, Present and Future / Proc. Intern. Conf. on
Nuclear and Radiochemistry, 2004, p. 511-513.



	INTRODUCTION
	EXPERIMENTAL RESULTS AND DISCUSSION
	The synthesis of Pd-containing matrix compositions intended for TPE immobilization.
	CONCLUSION
	REFERENCES


